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ABSTRACT

This report on Operation BLOWDOWN describes an Australian field test
in which a 50-ton HE charge was detonated over a typical rain forest at the
Iron Range Test Site, North Queensland, Australia. U.S. participation in-
cluded the establishment of a blast line to obtain overpressure and dynamic
pressure measurements, as well as the loan of instrumentation and photo-
graphic equipment.

The experiment also included military trial projects which examined the
blast effects in rain forests on items of military material, field fortifications,
supply points, and foot and vehicle movement.

This report presents preliminary results in each area of the experiment.

Key words: Operation BLOWDOWN
Project DOLPHIN
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PREFACE

The Defense Atomic Support Agency (DASA) expresses its appreciation
to the Australian Government for inviting U.S. project participation in
Operation BLOWDOWN, a 50-ton HE test held at Iron Range, Queensland,
Australia, ip July 1963. Special thanks are expressed to the military and
scientific staff at the Iron Range Test Site, which was composed of personnel
from the Royal Australian Army, the Department of Supply, 2nd the Defence
Standards Laboratory, for the friendliness, flexibility, competence, =vd
spirit of good will with which all project matters were handled. In particular,
Lt Col R.I. Fraser, R.A.E., Commander, BLOWDOWN Force and Military
Project Leader, and Dr. P.W. A. Bowe, Department of Supply, Scientific
Project Leader, were mcst helpful in furnishing the data and figures contained
in Chapters 1, 4, and & of this report.

DASA also acknowledges the considerable assistance of Mr. Julius
Meszaros, U.S. Army Ballistic Research Laboratories, in the planning and
preparation of this event.

It was with deepest regret that news of the untimely death of Mr. W. L.
Fons, Southern Forest Fire Laboratory, Macon, Georgia, on 20 October
1963, was received by members of DASA. Mr. Fons’ effor*, in Operation
BLOWDOWN contributed materially to the success of this experiment.
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Chapter 1

INTRODUCTION

(Prepared by LtCol C. S. Grazier, Combat Development Command, U.S. Army, and Mr.
Jack R. Kelso, Headquarters, Defense Atomic Support Agency.)

In July 1961, the Australian Department of Supply completed a study of the requirement
for a high-explosive forest blowdown experiment and plans for conduct of such an experi-
ment (Reference 1). This large-scale fiel.l trial, designated by the code name Operaiion
BLOWDOWN, is part of an overall research pr1ogram which has the following technical
objectives:

(1) Review previous work.

(2) Develop simplified theory of damage to be expected.

(3) Conduct model experiments with small charges.
(4) Determine tree characteristics from static tests.

(5) Conduct large-scale field test.

(6) Evaluate results and derive scaling laws.

(7) Extrapolate information to other yields and forest types.

The overall objective of this program is to obtain empirical data and verify current
prediction techniques as applicable {o tactical employment of nuclear weapons in tropical
rain forests.

Reference 1 was forwarded to the United Kingdom, Canada, and the United States early
in 1962 in order to ascertain the interest of each country in the information to be obtained,
determine possible participation in or observation of the experiment, and obtain any gen-
eral comments cn the proposed program.

The U. S. reply was prepared by the Defense Atomic Support Agency (DASA) following
a comprehensive review of Reference 1 in conjunction with various Army agencies, serv-
ice laboratories, and private contractors. DASA expressed interest in the proposed ex-
periment and recommended limited U. S. participation along the following lines to obtain
maximum correlation with previous research conducted by the U. S.

(1) Provide technical assistance in designing the ficld cxperiment and evaluating
the resulis of laboratory studies.

(2) Provide technical assistance in developing pretest predictions of blowdown
based on physical characteristics of the trees.

(3) Loan of certain U. S. electronic instrumentation to the Australian teams as
suggested by the Working Party (Reference 1).

(4) Provide assistance in procurement of U. S. electronic gages by the Australian
teams if desired.

(5) Provide a small U.S. field party to perform basic blast measurements using
self-recording gages.
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(6) Provide a minimum number of technical observers to assist in the posttest
analysis of airblast phenomena and tree blowdown, and in assessment of the obstacle
created to troop and vehicle movement.

(7) Provide a party of official ¢cbservers.

The preparation of the test site and construction of the base camp was carried out in
two phases as described in Reference 1. During Phase I, Mr. Julius J. Meszaros, Bal-
listic Research Laboratories (BRL), and Mr. Jdack R. Kelso, DASA, visited the Iron
Range Test Site in June 1962 to complete preliminary planning for U.S. participation and
to coordinate necessary logistical support. The impiementation of the large-scale field
experiment was carried out in Phase IIT of Operation BLOWDOWN.

As a portion of U.S. participation, Mr. Fred M, Sauer, Stanford Research Institute
(SRI), and Mr. Wallace L. Fons, U.S. Department of Agriculture, Forest Service,
visited the Iron Range Test Site in September 1962. During this visit, Messrs. Sauer
and Fons observed and evaluated the tests which were being made to determine the char-
acteristics of the trees, discussed the application of tle tests to the prediction of blast
damage to tree stands, and discussed with Australian representatives the instrumentation
and analysis which would be required to best utilize the results of this test in a general
way. A reporti of this visit is contained in Reference 2. Following this visit, predictions
were made by Mr. Sauer of the expected effect of the explosion on the forest stand and a
comparison made of these results (Reference 3) with the predictions by Mr. J. L. Cribb,
Defence Standards Laboratories, Australian Department of Supply (References 4 and 5).

The biomedical participation and assistance in the proposed field experiment was ar-
ranged for by DASA through the Surgeon General’s Office, Department of the Army. A
technical plan wus prepared by Lovelace Medical Foundation.

The U.S. Army prepared a technical plan dealing with the engineer aspects of Opera-
tion BLOWDOWN, which was furnished to the Australian Army and integrated where
possible in the plans for the experiment.

Edgerton, Germeshausen and Grier, Inc. (EG&G) prepared comments on the Australian
camera plan and loaned a number of cameras to the Department of Supply for their use in
obtaining technical photography.

LtCol C. C. Clifford, DASA, coordinated the participation of the U. S. team of 11 scien-
tific and military personnel during actual field operations.

Mr. Jack R. Kelso, DASA, coordinated arrangements for the party of 10 U. S. official
observers who visited the test site at the time of the detonation.

At 0830 hours, Australian time, 18 July 1963, the spherical charge of approximately
50 tons of TNT was detonated on a stccl tower at a height of 136 feet, over a rain forest
at Iron Range, North Queensland, Australia (see Map 1, Appendix I).

This preliminary report contains general information concerning all projects in this
_experiment, to acquaint the reader with general information in a specific area in which
he may be particularly interested.

The following chapters, each complete in itself, present the preliminary details of
individual projects. An interim report will be published by the Australian agencies in
1964. Final project reports for the U. S. participation will be distributed by the respec-
tive participating agencies.

1.1 DESCRIPTION OF TOWER

Early in thc planning stages for the test, several types of towers for supporting the
charge were considered. Consideration narrowed to a light guyed tower and a heavier
straight-sided tower. The straight-sided tower was the final choice. The tower was
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constructed by a civilian contractor. Figure 1.1 shows the tower with the charge in place.
Figure 1.2 is an elevation view of the tower design.

Specifications:

Height, overall: 153 feet
To center of charge: 136 feet
Sections: Nine of 13 feet
Or= of 12 feet 4 inches
One of 11 feet 11 inches
One of 12 feet
Plan size: 18 feet by 18 feet
Material: Hot-rolled angle iron
Uprights: 8 inches by 8 inches by % inch
Cross braces: 6 inches by 6 inches Ly 1/2 inch
Cross braces: 3Y, inches by 3Y, inches by ¥ inch
Base overall: 28 feet by 28 feet by 2 feet 9 inches TK
Reinforcing rod: I-inch square twisted rod

The upright legs were welded to base plates containing four 3/,‘—inch holddown bolts
each 2 feet 4 inches long. These bolts were set in a stiff grout. The concrete had a
design strength of a minimum of 2,000 1b/in® at 28 days.

For access to the tower platform a sectionalized vertical ladder was provided. The
ladder was constructed of 3- by l/2—inch flat steel sides with 1“/16—inch O.D. by 10-gage
steel rungs welded 101/4 inches apart. Safety hoops of 2- by l/‘ﬁ—inch flat steel were
placed 1 foot 9 inches apart along each section of ladder.

An electric platform hoist was welded to the side of the tower to assist in raising the
tins of TNT and other materials to the working area at the top of the tower. The tower
was constructed to a design wind loading of 120 miles per hour.

1.2 DESCRIPTION OF EXPLOSIVE CHARGE

The charge was built from specially made tins each containing about 41 pounds of TNT.
The TNT was the type used in 155-mm shells, remeited and cast into tins. Support tins
filled with a lightweight plastic were manufactured to be used for support of the lower
surface of the sphere. The final shape of the charge as built up was a sphere having a
diameter of 12 feet 10 inches (Figures 1.3 and 1.4).

The detonation system consisted of 70 CE/TNT tins as a booster. At the central can
an intermediary of CE pellets was inserted with primacord aitached which passed through
an aluminum tube and then to electric detonators at ground level. This primacord was
boosted with a detonator just outside the charge and with regularly spaced CE pellets for
the remainder of its length. This method of firing was used to insure accurate timing of
test equipment.

Extreme care in all phases of packaging, transportation, and stacking was used to
insurc a minimum of damage to the tins filled with explosive and to minimize air gaps
between tins stacked in the charge. It was thought that propagation of the detonation
would be affected if air gaps developed duie to poor stacking or damaged tins. A large
crack or gap developing from settling or stacking might have caused jetting to occur or
a deformation of the blast wave.

Scientific instrumentation was inserted into the charge at various locations to obtain
specific detonation measurements.
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i.3 DESCRIPTION OF FOREST STAND

The forest stand selected for Operation BLOWDOWN at Iron Range is representative
of rain forests occurring in North Queensland; in Southeast Asia; and on the Malayan
Peninsula. This stand is urmanaged, naturally occurring, and comprised of approxi-
mately 70 different tree species. It is characterized by a random distribution of stem
diameters from small to large, with a large proportion of the trees in the smaller diam-
eter classes. This situation is shown in Figure 1.5 taken from Reference 6 which com-
pares the size distribution of trees at Iron Range with similar curves for light and dense
Malayan rain forest. Details of this stard are presented in Table 1.1.

The forest floor within the stand is generally free of fallen dead trees. Underbrush
composed of about 60 different species is generally light, while young reproduction with
heights less than 20 feet comprising the understory is heavy. The uinderbrush and under-
story have dense foliage and are vigorous in appearance. Because of the heavy understory
and the dense fecliage, the visibility in most parts of the stand is less than 100 feet.

Average spacing of trees with girth greater than 13 inches is 14 feet by 14 feet, which
should permit vehicles such as weapon carriers to muneuver within this type of stand
without much difficulty.

1.4 GENERAL INSTRUMENTATION PLAN

The general plan of all instrumentation for this program is shown in Figure 1.6.

1.5 METEOROLOGICAL CONDITIONS

The meteorological conditions existing at the test site at the time of detonation are
discussed below:

1.5.1 Wind Velocity. Three anemometers were located at heights of 100 feet on the
tower, 70 feet on a mast in the clear cector, and 6 feet on a mast in the clear sector.
No wind was recorded at any of these stations during the 15 minutes prior to the detona-
tion. The meteorologist estimated the wind to be less than 1 ft/sec at these three loca-
tions.

The wind velocity was measured with a balloon flight at 0600, 18 July, with the follow-
ing results:

Height Velocity
ft ft/sec
250 0
500 38

1,000 11 E

1,500 12 E

2,000 34 E

The meteorologist estimated that wind speeds were essentially the same at 0830,
except for the 500-foot height which may have been 7 ft/sec.

1.5.2 Temperaturec Measurements. The results of temperature measurements at the
time of firing, combined with the study of conditions on previous similar days, are as
follows:
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Forest location {K13) 106 feet from GZ, 4 feet off ground, 13.3° C. (Remote-
reading thermometer)

Clear sector, 1,100 fect from GZ, 4 feet off ground, 12.9° C. (Autographic
recording)

Forest location (B2) 1,200 feet from GZ, 4 feet off ground, 12.2° C. (Autographic
recording)

Forest location (K12) at GZ, 100 feet off ground, 17.2° C. (Remote-reading
ther mometer)

Based upon data obtained prior to shot date, the central areas of the forest and clear
sector near the ground would be fairly even in temperaturc (within 5.5° C) at 13.2° C. At
a height of 100 feet over the forest (20 feet above the canopy) and probably lower in the
clear sector, the temperature was about 17.3° C. The temperature would be fairly uni-
form with height in the forest above 3 feet (and up to below the top of the canopy) at 13.2
+0.5° C.

In the clear sector a gradual increase in temperature from heights of 4 to 100 feet
could be expected (from 13.0 to 17.3° C), and the next 100-foot interval would have a
fairly uniform temperature both above the forest and above the clear sector at 17.3° C.

1.5.3 Humidity. Records taken on the hydrograph prior to D-day and the record to
0600 on D-day show that the humidity in the clear sector and in the forest was always
over 90 percent at 0830. When the accuracy of the hydrograph was taken into considera-
tion, the humidity was 95 + 5 percent (the hydrograph showed 100 percent) at shot time.

1.5.4 Pressure. The station level pressure measured on a Kew barometer was
1,013.0 mb (an interpolation between the 0400 and 1000 readings, 18 July 1963). These

readings were obtained at a height 60 feet above sea level.
Based on 1,013 mb, tl.e pressurc at 60 feet above MSL = 14.70 psi.
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TABLE 1.1 STAND TABLE FOR IRON RANGE RAIN FOREST

Girth ’ Average No.trees Basal area at breast height

Class Midpoint height per acre By girth class Cumulated
in in ft 2 ftr
13-15 14 41 48,78 5.27 134.0
16-18 17 47 45,73 7.30 128.7
19-21 20 53 27,13 .99 121.4
22-24 23 58 21,00 6.14 115.4
25-27 26 62 19.25 7.19 109.3
28-30 29 66 12,69 5.90 102,1
31-33 32 69 10.50 5.94 96.2
34-36 35 71 8.76 5.93 90,3
37-39 38 73 7.87 6.28 84,3
40-42 41 75 4,59 4,26 78.0
43-45 44 77 5,47 5.85 73.8
46-48 47 78 2.85 3.48 67.9
49-51 50 80 1.54 2.13 64.5
52-54 53 81 2,63 4, 08 62,4
55-57 56 82 2.63 4,56 58,4
58-60 59 83 2,63 5.06 53.8
61-63 62 84 2,41 5.12 48,7
64-66 65 85 0.88 2,05 43.6
67-69 68 86 1,54 3.93 41,6
70-72 71 87 2.63 7,32 37.6
73-75 74 88 0,66 2.00 30.3
76-78 77 89 0.66 2.16 28.3
79-81 80 89 0,44 1.56 26,2
82-84 83 90 1.10 3.39 24,6
85-87 86 91 0,44 1.80 21.2
89 91 0.22 0.96 19.4
94 92 0,22 1,07 18.4
97 93 0.22 1.14 17.4
103 94 0,22 1.29 16,2
107 94 0,22 1.39 14.9
108 94 0.22 1.42 13.6
125 95 0.22 1.90 12,1
154 96 0,22 2,88 10.2
161 97 0,22 3.15 7.4
186 98 0,22 4,20 4,2

Total trees: 237
Average spacing: 14 ft. x 14 ft,
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Chapter 2

RAIN FOREST EFFECTS ON BLAST WAVE PARAMETERS

(Prepared by Mr. John C. Keefer, Ballistic Research Laboratories.)

The primary objectives of the BRL participation in Operation BLOWDOWN were to: (1)
establish a U.S. blast line within the forest area, utilizing the BRL self-recording over-
pressure and dynamic pressure gages to study, on a limited scale, the b ast phenomena
variations within the forested area; (2) assist the Australian scientists with the elec-
tronic instrumentation phase by making available on loan a number of electronic trans-
ducers and a recording system; and (3) have available at the test site qualified personnel
for consultation to insure that the instrumentation on loan was operating correctly.

2.1 PREDICTIONS OF BLAST PHENOMENA

The BRL participaiion in Operation BLOWDOWN was primarily concerned with the
measurement of airblast overpressure and dynamic pressure within a rain forest. It
was planned to correlate these measurements with similar ones made in a cleared area,
to determine the blast attenuation within the forested area. No attempt was made at
BRL to predict the attenuation that might be expected within the forest, but the cleared
sector blast parameters were predicted. The assumed input values were a yield of 50
tons or 100,000 pounds of TNT detonated at a height 140 feet above ground surface.
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